ABSTRACT Twenty-four different tissues from 73 children and infants, including stillbirths, were analysed for lead content. In the youngest group of 49 infants aged under 1 year, including 14 stillbirths, the mean concentrations of lead in their soft tissues were all less than 0 3 ppm and nearly all less than the concentrations found in the soft tissues of older children, or of adults. The mean concentrations of lead in the bones in the infant group were greater than in their soft tissues, but still less than 1 ppm, and were 10-40 times less than in adult bones and about three times less than in the bones of older children. Lower concentrations of lead were observed in the tissues of stillbirths than in those of neonatal live births, at a 95 % level of significance by analysis of variance. In 24 children aged 1-16 there was no clear evidence of increase of lead concentrations in the bones with increasing age; neither was there evidence of a difference in the concentrations of lead in types of bone. Although the mean concentrations in the bones were greater in the children aged 1-16 than in those of infants aged under 1 year, the data did not suggest that a progressive accumulation of lead occurred in the bones, probably before the end of the second decade of life, by which time the growing phase will be nearing completion. In 18 children aged 1-9 and in six children aged 11-16 the concentrations of lead in the soft tissues were similar, and comparable with those observed in women.
The ratio differences between ash-weight and wet-weight measurement in the different types of bone in children did not differ proportionately from the adult ratios, suggesting a similarity in the patterns of deposition of lead in bone, irrespective of age. No differences in tissue lead concentrations by sex were observed in the infant group of children, or when the concentrations in the tissues were related to the years in which the samples were obtained. Individual tissues showed different concentrations and patterns of distribution of lead, which were skewed more towards low values in the infant group than in older children. The results of other studies, of which there have not been many, were found to be in general agreement with those reported here. The exposure of infants to lead appeared to be less than in older children or in adults, probably for reasons associated with lack of availability and parental care.
Considerable interest, with an associated concern, has been expressed in recent years in the potential effects of the lead in our environment on the health of young children. It has been suggested that children may be more sensitive to lead than adults and, for reasons of metabolic difference, may also absorb proportionately more lead by the gastrointestinal and pulmonary routes.
To assess the concentrations of lead present in contemporary children of different ages, postmortem tissue samples were obtained for analysis of their lead content and the results compared with contemporary adult values. Samples were obtained, most of them since 1975, between 1966 and 1979 from children drawn from a predominantly industrialised area in the north-west of England.
Twenty-four different types of tissue were obtained from 73 children aged from stillbirth to 16 years. The children were divided into age groups comprising stillbirths and those with a very short postpartum life span (29 cases), from 1 to 11 months (20) , from 1-9 years (18) , and from 11-16 (6) . The lead content in the tissues in these age groups was compared with the lead content in the same tissues in 60 men and 36 women (aged group.bmj.com on June 25, 2017 -Published by http://oem.bmj.com/ Downloaded from that home neglect may have contributed towards increased exposure to lead. Table 1 shows the combined results of all the infants in the two groups. For the most part only small differences were found in the mean concentrations of lead in the individual tissues in the two groups of infants. The bones contained the higher concentrations but at a much lower level than in adults, and there was little or no difference in lead concentrations among types of bone. The lead found in the infant ribs was ten times less than the mean concentration found in adult ribs, and in infant tibia and calvaria was 30-40 times less than in the same bones in adults (table 4). Most of the infant soft tissues showed mean concentrations of lead that were either less than or equivalent to adult values. The adrenal gland, muscle, fat, and skin had marginally higher values, but the liver, spleen, kidney, brain, lung, aorta, dense connective tissue, and cartilage contained concentrations of lead that were lower than those found in these same tissues in adults. The concentrations in the pancreas, thyroid, and gastrointestinal tract equated with adult values. The mean concentration of lead in the blood of both groups of infants was 0-56 ,umol/l (11-5 Kg/100 ml). Table 3 shows the mean concentrations of lead in the tissues of 18 children aged 1-9 years of both sexes. Causes of death were mostly accidental but included infections, asthma, epilepsy, cerebral haemorrhage, and uraemia from hydronephrosis. The 9-year-old boy who died from a cerebral haemorrhage was hypertensive, mentally retarded since infancy, and suffered from idiopathic hypercalcaemia for which he had been treated with a low calcium diet.' The concentrations of lead in his liver and kidneys were raised, compared with those in the same tissues in the other children in the group, but in the remainder of his tissues, including bone, the concentrations were comparable. (Mg/lOOml) 16 The mean concentrations of lead in the bones of the group aged 1-9 years were about three times greater than in the infants aged up to 11 months. The mean concentrations in most of the soft tissues equated with adult values, except in the spleen, aorta, cartilage, and connective tissue, where the concentrations were lower, and in the adrenal gland, fat, and skin, where they were higher. Most of the soft tissue results were higher than in the infant group, and the mean blood lead concentration was 0-75 ,umol/l ,tg/1OO ml).
The group aged 1-9 was further divided into those aged 1-5, which would include any child prone to pica, and those aged 6-9 as a "postpica" group (table 3) . No difference was observed in the lead concentrations in the body tissues in the two groups. The results showed a higher mean concentration of lead in the blood in the children aged 1-5, which was not reflected in their other body tissues. Possibly excretory mechanisms may have regulated the lead in their tissues at a low concentration or some of the blood samples may have been contaminated. Since evidence of history of pica was not sought and in 3* view of the small numbers in each group any explanation for the blood lead difference can only be speculative. Table 4 shows the concentrations of lead found in the tissues of the small group of six boys aged 11-16. Causes of death were cerebral haemorrhage associated with a cerebral tumour, meningococcal septicaemia in a child with congenital heart disease, pneumococcal meningitis, viral pneumonia in an ideopathic epileptic, and skull fracture with a subdural haematoma. In the last case, a boy of 13, lead poisoning was suspected as he had been burning lead batteries and for three days had experienced headaches before he went into coma before his death. The concentrations of lead found in his tissues were not excessive, and the cause of death was almost certainly accidental because, although there was no recorded history of trauma, at necropsy he was found to have a hairline fracture of the skull with a subdural haematoma.
The mean concentrations of lead in the various types of bones of the children aged 11-16 did not differ to any material extent from those found in the bones of children aged 1-9. The differences in lead concentrations seen in different types of adult bones were not apparent in the group aged 11-16; also the mean concentrations were three to seven times less than those observed in the bones of women (table  4) . Although the mean concentrations were about three times greater than in the infant group, there was no clear evidence of increase of lead in the bones with age in the older group of children (fig 1) . Thus bone probably does not accumulate lead to any great extent in either sex until after the growing phase has ceased, at about the end of the second decade of life. The concentrations of lead in the soft tissues of the group aged 11-16 were similar to those found in the group of children aged 1-9 (table 3) and did not differ substantially from female adult values (table 4) . Owing to age-related regression no samples of the thymus gland were obtained after the first decade of life. The mean concentration of lead in the blood of the group aged 11-16was 0O79,umol/l (16 4p,g/100ml), which corresponded very closely to the female adult mean value of 077 ,umol/l (16 0 ,ug/100 ml).
The mean concentrations of lead in the bones of infants aged under 1 were compared with those of children aged 1-16, as well as with those of men and women, on a wet-weight and ash-weight basis of measurement. The results showed higher values for ash-weight than for wet-weight measurement, as would be expected and has been reported in other studies.35 In the infant age group the ribs contained higher concentrations of lead than the tibia and calvaria, but this did not apply in the older children.
The ratios between the lead concentrations in the various types of bone in terms of wet weight and ashed weight were similar for the group aged 1-16 and the women. The ratio in the ribs of both groups was the same at 2-9; in the tibia it was 1-6 and 1-4 respectively and in the calvaria 1-5 and 1-3. The ratios in the men were 3*7 for rib, 1 6 for tibia, and 1-4 for calvaria.
As might be expected, due to the lower mineral content in their bones the ratios were greater in the infant group at 5-1 for rib, 2-8 for tibia, and 2-3 for calvaria. If, however, the ratios are compared proportionately they become similar to the other age groups at 3 0 for rib, 1 6 for tibia, and 1-4 for calvaria. It might have been expected for there to have been no ratio differences in the bones of the infants, in contrast to adults and older children, by reason of uniformity of haemopoietic function and vascularity in the infant skeleton. That this was not so suggests that the pattern of deposition of lead in the bones of infants may not be greatly dissimilar from that in adults.
In figs 2-5 the distributions of the results in some of the tissues of the stillbirths and in the infants aged under 1 are compared on wet-weight measurement with those of children aged 1-16. In some of the infant tissues the results were skewed towards low concentrations of lead, whereas in the children aged 1-16 they were more evenly distributed across a wider range of concentrations. This implies that lead concentrations rose with age but in some tissues reached a plateau in the group aged 1-16. It is known, however, that in the case of the bones and aorta concentrations of lead continue to increase with age. 6 The kidney and the liver (fig 3) showed a similar pattern of distribution to the bones (fig 2) in each age group, albeit at different concentrations, as also did the lung (fig 4) . In the fat and brain (fig 4) and the aorta, muscle, and heart ( fig 5) the concentrations of lead and the patterns of distribution varied, but were such as to suggest no obvious difference between the two age groups of children. Cartilage, dense connective tissue, and skin in each age group showed similar patterns of distribution of lead to the tissues shown in figs 2 and 3 and in the lung (fig 4) , 24- (24) Fait (25) Fat (19) Kidney (23) Liver (24) Fig 3 Distribution of results in kidneys and livers of children. differed in that the concentrations of lead were less in brain than in fat, suggesting a possible influence of the blood-brain barrier. There was also a variable distribution of lead in the gastrointestinal tract, but the muscle and heart were similar and differed from the aorta, in which the distribution of results was more evenly spread over a wider range of lead concentrations. Table 5 shows the results of assessing the concentrations of lead in the tissues of the infant group of children, ranging from stillbirth to 11 months of age, for potential differences by sex. Marginally higher concentrations were observed in the liver, spleen, kidney, thymus gland, lung, and heart in the girls, but the boys showed higher concentrations in fat and skin. The differences were not considered to be of significant proportions.
To determine whether there was a time-related difference, the stillbirths and those infants aged under 1 year were assessed in groups to correspond to the years in which the tissue samples were collected. The results indicated a close correlation for the years 1966- 8 and 1979 . No samples were obtained between 1968 and 1975, but in some of the tissues analysed between 1975 and 1978 (such as the spleen, kidney, endocrine glands, aorta, skin, and gastrointestinal tract) the average concentrations of lead were found to be higher than in the years before and after this period. The differences were small, as also were the numbers of samples obtained in each year, at less than 10 per tissue. Within the framework of the data there was no clear evidence to suggest that overall exposure to lead had altered in the course of a time-span extending over more than a decade.
Comparison with other studies
The number of studies published on the lead content in the tissues of children have been relatively few.
BONES
Barth7 found lower concentrations of lead on ash weight in the bones of 10 infants of average age 4 months than in adult bones, which did not differ substantially from the results reported here.
Weyrauch and Muller8 and Grandjean9 found the concentrations of lead in the vertebrae of children to be about half those of adult values, whereas Holtzman et al'0 found the concentrations to be one-fifth of adult values.
In the ribs of children two investigations showed concentrations of lead that were one-sixth of adult values'0 11 but higher concentrations, which approached those of adult values, were found by other investigators.12 '15 The concentrations of lead found in the cortical bones of children by Krause16 and Weinig and Borner17 were considerably lower than those found in the cortical bones of adults. Higher concentrations, although still lower than those of adult values, were reported in some other studies.10 [13] [14] [15] As in the results reported in this study, Henderson and Inglis13 found little difference in the lead concentrations in trabecular and cortical bones in children, but Nusbaum et al'5 and Holtzman et al'0 found that the cortical bones contained the higher concentrations.
Hansmann and Perry12 found higher concentrations of lead in the ribs of fetuses than in those of children, but other studies18 19 The concentrations of lead found by Schroeder and Tipton" in 22 fetal samples of aorta, liver, kidney, lung, brain, and heart were either lower than or similar to those found in adults. Measurement was by ash weight, which in soft tissues would give results some 50-100 times greater than by wet-weight measurement. 6 Hansmann and Perry'2 found concentrations of lead in the liver that were comparable in the fetus and in children, measured on dry weight of tissue. Their results, on conversion to wet weight by twofold division, gave values greatly exceeding some other investigators, including Grandjean,9 who measured the dry-weight concentrations of lead in the livers of six children, which, on conversion to wet weight, gave results similar to those reported here. Zaworski and Oyasu23 showed lower concentrations of lead in the brains of children than in those of adults, although the values in both were higher than those recorded in this report.
In a study by Casey and Robinson2' on the concentrations of several metals found in dry weight of fetal tissues, the mean values for lead in the liver and kidney were similar, on conversion to wet weight, to the values reported here in the infant group, but were greater in the brain, heart, lung, and skeletal muscle, which approximated to adult values; the analytical limit for the detection of lead in the tissues was reported as 0-1 ppm dry weight, which might suggest a limitation in analytical capability.
Conclusions
In this study the mean concentrations of lead in the tissues of infants were found to be less than in older children, or in adults, and less in stillbirths than in neonatal live births. This suggests that prenatal and neonatal infants are less exposed to lead than at later stages in life and that the disease factors responsible for the deaths of the infants did not appear to influence, or to be influenced by, the presence of lead in their tissues. It would seem probable that there may be an element of placental function that reduces the transfer of lead from the mother to the fetus. This supposition is supported in a study by Baglan et al,24 which showed a higher concentration of lead in the placenta than in maternal or fetal blood and a higher concentration in maternal than in fetal blood.
Although the concentrations of lead in the bones of infants were lower than in older children and in adults, the patterns of distribution of lead in the bones between the age groups appeared to differ little, as shown by the ratio of ash-weight and wetBarry weight measurement.
No sex-related difference was observed in the tissue lead concentrations in infants, in contrast to men and women, and, over more than a decade, no change to suggest a time-related trend in lead concentrations was noted in their tissues.
Although the data do not give information on the question of sensitivity to lead they do suggest that the mechanism for the uptake of lead in most infants and older children does not differ fundamentally from that in adults. If, on a dose-related basis, young children absorbed and retained appreciably more lead than adults, then it would be reasonable to expect to have found more lead in their tissues. That this was not confirmed suggests that either (1) there is no basic physiological difference between children and adults, (2) the excretory mechanisms in children are more effective, or (3) their exposure to lead is less than that of adults. The data imply that infant exposure to lead had been less than in adults, but that in older children exposure approximated to adult levels, and also that any physiological differences, such as greater intestinal absorption but more rapid excretion as suggested by Ziegler et al, 25 were probably in balance.
The results of this investigation, which for the most part gave low mean concentrations of lead in the tissues examined, relative to adults, did not suggest that the children, drawn from a heavily populated and highly industrialised area of Britain, had experienced excessive exposure to lead.
Data charts not published in this paper are available on request.
